The burying behavior of the mole crabs before and after an accident with urban sewage efluents in Bombinhas Beach, Santa Catarina, Brazil 
INTRODUCTION
Several factors may interfere in the behavior of mole crab such sediment characteristics (Defeo et al., 1997; Ribeiro et al., 2005) , pollution (Lercari and Defeo, 1999; , and human activities (Lercari and Defeo, 2003; Sauco et al., 2010) . Some toxins such high ammonia concentration, present in the discharge of urban pollutants is among the most dramatic effects caused by human activities that modify the behavior and health of the intertidal macrofauna (Lercari and Defeo, 1999; Siemens et al., 2001) .
A few species of crustaceans have been studied on coastal regions, especially in the surf zone, an unstable environment, propitious to the manifestation of several environmental stressors. The mole crab Emerita brasiliensis (Crustacea: Anomura: Hippidae), belongs to an intertidal faunal, presenting differentiated responses concurrent with the environmental variability in the spatial and temporal scales (Contreras et al., 1999; Lercari and Defeo, 1999) . The mole crab can be found in several localities along the South Atlantic American coast, from Espírito Santo, Brazil, to the Uruguayan shore (Veloso and Cardoso, 1999) .
The mole crab is an important resource in the food chain, in both reflexive and dissipative beaches (Rodgers, 1987; Lercari and Defeo, 1999; Hubbard and Dugan, 2003) . This crustacean is used in a smaller scale by humans as a food source, and as bait in traditional fishing activities. The genus Emerita has been considered a potential bioindicator for chemical pollutants, mostly due to its physiological resistance, widespread distribution, easy capture, and proximity to coastal human activities (Pérez, 1999; Powell et al., 2002) .
Escape and burying is a defensive, predator evasion and conservative energy behavior of crabs in general (McGaw, 2005) . To understand the behavior of the mole crab in relation to the impact caused by human activities, especially recreational activities, we have been conducting a defense (escape and burying) behavior study of mole crab in the Southern Brazilian shore. During this semi-naturalistic behavioral study, we have observed the effects of an environmental accident, the rupture of an urban sewage effluent pipeline, which modified the sea water conditions in the study area.
This article reports the effects on burying behavior of mole crabs, under natural conditions without pollutants and after the accident that caused high regional impact in the biotic and abiotic aspects.
MATERIAL AND METHODS
The study was conducted on the urbanized Bombinhas beach, Santa Catarina, on the Southern coast of Brazil, during three consecutive days (25 th to 27 th of May 2005) between 14:00 h and 18:00 h. Bombinhas is a 1000 m long dissipative beach. Due logistic problems authors left the beach after the third day. The trials were conducted on the Southern end of the beach, at 100 m from the Sapo Creek estuary (S 27°08' 904" and W 48°29' 049").
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breaking line throughout the four hours of sample collection. Approximately every 3 minutes, on the moment of water reflux, we carried out an excavation of 20 cm of sand, with a shovel. The contents collected with the shovel were immediately deposited on a sieve (mesh: 5 mm; diameter: 53 cm) and were gently washed with sea water. One of the researchers, wearing latex gloves, randomly collected one of the mole crab specimens restrained on the mesh, and placed it, with its caudal end pointing to the breaking line, in the center of a behavioral test aquarium. The escape and burying behavior test aquarium (27,3 x 17,2 x 10,6 cm), was made of dull plexiglass, and contained approximately 1/3 of its total volume of sand and the remaining filled with sea water, which were both collected from the research area. The aquarium had painted markings that delimitated four quadrants of equal volume, each containing sand and water. It was collected and tested 242 E. brasiliensis specimens during the three study days (76 on the first day -no accident; 101 on the second day -accident; and 65 on the third day -after accident). As for behavior, it was observed the burying latency (time between the releasing on the water surface of the aquarium, and the burying of more then 90% of the body under the sand). Immediately after each trial, the focal specimen was gently unburied and measured (lateral length, and the rostrum-caudal length of the carapace) with a precision caliper (Mitoyo, Brazil). After the biometric data was collected, the focal individual was placed with the remaining specimens in the sieve, and they were all released at the breaking line, approximately 30 m from the study area.
During the capture procedures, it was measured the conditions of the sea water from the study area and the aquarium. The environmental temperature was measured with a termohigrometer (Extech, China) and luminosity was measured with a luximeter (Extech, China), measurements were taken every 30 min. Luminosity was measured two consecutive times during each moment. It was measured perpendicularly above the breaking line at 50 cm, and 50 cm above the aquarium. The sea water from the study area and from the aquarium was measured with a water thermometer (Oregon Scientific, EUA) every 30 min.
The aquarium and sea water salinity was measured three times with a densimeter (Instant Ocean, Marineland Labs, EUA), at the beginning (14:00 h), half way through (16:00 h), and at the end (18:00 h) of the tests. During these same intervals, to access the pH, and the ammonia concentration in the aquarium and sea water, we used marine aquarium kits (pH Kit and NH 3 Kit; Labcon Test, Brazil), used in aquiculture chemical essays (e. g., Logato et al., 2009 ) obtaining three samples with two consecutive measurements during each moment.
On the morning of the second study day, an urban sewage effluent pipeline ruptured near the margins of the Sapo creek, on the Southern end of the beach, close to the beginning of the beach's sand strip, at approximately 100 m from the experimental area. The accident and the area where it happened were detected due to the strong unpleasant odor in the sea water. The spill lasted between 12 and 24 hours, but it was not possible to estimate how much effluents were discharged. It was collected data on the day before, during (second day) and after the accident (third day). Each diary collection lasted 12 hours.
The climatic and chemical data each day were summed and then average to provide a average by day. These means were used in all subsequent analyses. Comparison across and between days analysis were made using Kruskal-Walis one-way analysis of variance and Mann-Whitney tests, respectively, because non-normality distribution of data. Correlationship between morphological data of mole crabs was a Spearman's rank order correlation coefficient. To compare if there were size differences in the mole crab captured among the three days, we used a Kruskal-Wallis non-parametric test on the rostrum-caudal length. Means of the latency of burying aquarium test each day, were analyzed using a Kruskal-Walis one-way analysis of variance and Mann-Whitney tests, respectively, because non-normality distribution of data. Means are represented with Standard Error (mean±SE). The significant level in the comparisons was P≤0,05, with bicaudal distribution.
RESULTS
There was no significant difference in the microclimatic factors and sea water condition among the three study days, with one exception. The concentration of ammonia in the sea water (N=23, df=2, χ 2 = 19.42, P=0.0001) and in the aquarium sea water (N=23, df=2, χ 2 = 19.42, P=0.0001) were different among the three days (Figure 1) . The concentration of ammonia in the sea water was significantly higher on the third day in relation to the first (Z = -3.56, P=0.001) and to the second day (Z= -3.87, P=0.001). As the concentration of ammonia in the sea water and in the aquarium sea water was identical, for analysis and discussion purposes they are considered as one variable. , and line is the mean of ammonia concentration. * represents differences of the carapace length of mole crabs between second day and third day (P=0.029); ** represents differences of ammonia concentration between of the third day and both, first and second days (P=0.001).
The mean lateral length and the mean rostrum-caudal length of the carapace of the mole crabs were highly correlated (N=239, r=0.94, P=0.001). As in other studies (Lercari and Defeo, 1999) , we used only the lateral length as a morphometric data for analysis (Figure 1 ). There was a tendency to capture mole crabs of different sizes among the three days (N=239, df=2, χ 2 = 5.17, P=0.075). Mole crabs captured on the third day were smaller (mean=1.33±0.75 mm) than the mole crab captured on the second day (mean=1.55±0.82 mm) (Z= -2.178, P=0.029), but there were no differences between the captured specimens of the first day (mean=1.45±0.79 mm) in relation to the other two days (day 1 vs. day 2, P=0.15; day 1 vs. day 3, P=0.39).
In spite of the size of mole crabs and differences of the ammonia concentration in the sea differences, there were no differences in the burying latency of mole crab among the three test days (mean=6.58±9.91 s; N=239, df=2, χ 2 = 3, 53, P=0.17). * ** BOERE, V.; CANSI, E. R.; ALVARENGA, A. B. B.; SILVA, I. O. The burying behavior of the mole crabs before and after an accident with urban sewage efluents in Bombinhas Beach, Santa Catarina, Brazil. AmbiAgua, Taubaté, v. 6, n. 3, p. 70-76, 2011 
DISCUSSION AND CONCLUSION
The size of the captured specimens seemed to have been affected by the levels of ammonia in the sea water, throughout the study period. On the other side, there were no changes in the burying latency in relation to different days and the changes in ammonia concentration.
The acceptable ammonia concentration for most fishes and crustaceans is around 0.4 ppm (United States of Environmental Protection Agency, 1989) . On the third day, the ammonia concentration in the sea water reached 0.8 ppm, an extremely toxic level for most marine fishes and crustaceans. The concentration of ammonia in the water is one of the main environmental problems faced by marine organisms (Koo et al., 2005; Neil et al., 2005) , affecting their osmoregulation metabolism by raising the competition with potassium ion in membrane of osmoregulatory gills (Weihrauch et al., 2004) . Although it was not possible to conduct pathological analyses to the determination of lesions in gills in the captured specimens, the burying latency did not seem to be affected in the mole crabs captured in the third day. Meanwhile, there was a substantial difference in the size of these captured individuals. The smaller size of captured individuals of the third day suggests that males or juveniles were the sex-age class remaining on the beach. Reproductive females are bigger than juveniles or males and have more mobility than latter (Faulkes and Paul, 1997) . Crustaceans are relatively resistant to high ammonia concentrations (Zhao et al., 1998) and mole crabs apparently are less fragile to survive in urban beaches (Veloso et al., 2010) . Mature females, described as substantially larger (Petracco, 2003) might have been affected by the high concentrations of ammonia. A possibility is that females could have remained in deeper environments, where the concentrations of ammonia would be more diluted in relation to the volume of sea water. A set of more robust pereiopods in females than males and juveniles allows them to be relatively more independent in undertaking migrations from shallow areas to deeper regions of the coast (Faulkes and Paul, 1997) .
The effect of higher ammonia concentration in mole crabs was either sex or age specific. The remaining specimens in the area still carried out escape and burying behavior in similar times than the previous days, with no pollution. Studies with macroinfauna, its habitat, and the impact caused by environmental stressors, such as pollutants, deserve more attention in coastal areas with few studies, as is the case of the South American Atlantic coast. The opportunity to study the effects of a sanitary accident on crustaceans in a natural environment, and its publication is rare in an area so deprived of scientific papers dealing with animal behavior.
